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Polysilazane-based coating solution for Interlayer insulation 



(57) A coating solution for the formation of an inter- 
layer insulating film of silicon dioxide in the manufacture 
of various kinds of electronic devices having excellent 
storage stability and coating workability, the principal in- 
gredient of the coating solution, of which the solvent is 
preferably a dialkyi ether, being a polysilazane com- 
pound modified with a trimethylsilylating agent such as 
hexamethyl disilazane to such an extent that, in the ^H- 
NMR spectrometric diagram, the ratio of the area of the 
peak assignable to SIH3 to the total area of the peaks 



assignable to SiH^ and SiHg is in the range from 0.15 to 
0.45. An interlayer insulating film can be formed by coat- 
ing a substrate with the coating solution, drying the coat- 
ing layer and baking the dried coating layer at 300 to 
BOC'C in a moisturized atmosphere. The coating solu- 
tion optionally contains a trialkyi amine compound as an 
agent to reduce sublimation of the low molecular weight 
fractions of the polysilazane compound. The reaction of 
the trialkyi amine and the polysilazane molecules is 
completed by keeping the coating layer before drying at 
a temperature of 25 to 100°C for at least 1 minute. 
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Description 

The present invention relates to a polysllazane- 
based coating sofution for the formation ol an interlayer 
insulating layer as well as to a nnethod for the formation 
of an interlayer insulating layer by using the coating so- 
lution. More particularly, the present inveniion relates to 
a polysilazane-based coating solution for ihe formation 
of an Interlayer insulating film which is excellent in re- 
spect of storage stability and coating workability and ca- 
pable of giving an insulating film having denseness and 
good surface profile and has few problems in safety due 
to the use of an organic solvent of low toxicity to the 
human body so as to be useful for the formation of an 
insulating interlayer film in the manufacture of. for ex- 
ample, semiconductor devices and liquid cryslftl diSDiay 
panels, as well as to a method tor the tornviiion ol an 
interlayer insulating film by the use of the corjiing solu- 
tion. 

It is sometimes required in the manufdci j»e of vm- 2 
ious kinds of electronic device such as seniictKiUuciw 
devices and liquid crystal display panels to form nn in- 
terlayer Insulating film on the surface of a solid sut- 
strata. Various coating solutions have been pfoposed 
as suitable for the purpose of forming an inicrLiycf m 
sulating film including those coating solutions cor utnmq 
a polysilazane-based resin having a high inorganic rv* 
ture (see DenshI Zairyo (Electronic f^ateriels; 
December issue, pages 50-55 and Japanese PHinn 
Kokai 4-341 705. 6-73340. 6-1 28529 and 6- 1 4P600 . 3C- 

As compared with conventional coaling soiui ons 
for interlayer insulation containing an alkoxysiUinc 
the film-forming ingredient, the above mcnicnod 
polysllazane-based coating solutions are advantnacous 
and highlighted in recent years by virtue of the ouistrtnc 3S 
ingly low content of organic matter in the film-lommq 
ingredient because, in the formation of an insulating liin 
by the process involving coating of the substrate sur^cc 
with the solution, drying and baking treatment the 
amount of the organic constituents lost from the cor-.imq wo 
layer by thermal decomposition in the baking trcatmon 
is very small so that the denseness of the insulating in- 
terlayer film is so much higher. 

The above mentioned polysilazane-based corsimp 
soIutkDns. however, are not quite satisfactory practicHiiy 
due to defects in respect of their low storage siabtiiiy 
and irreproducibility of the quality to give interlayer in- 
sulating films having reproducibly high denseness dnU 
good surface configuration only with difficulty In addi- 
tion, sublimation of the polysilazane may take place in so 
the course of the drying and baking treatment which is 
usually undertaken at 100 to 300*^0 and the sublimates 
from the coating layer deposit on the inner walls of the 
baking oven so as to cause heavy contamination of the 
oven. /Moreover, sublimation of the polysilazane constit- ss 
uents from the coating layer necessarily leads to shrink- 
age of and crack formation in the coating film. Presum- 
ably the above mentioned sublimation of the polysila- 
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zane constituents is caused by the low molecular weight 
fractions of polysilazane contained in the polysilazane- 
based coating solution. 

Further, while the organic solvent used for the prep- 
aration of the polysilazane-based coating solutions is 
usually xylene in view of the relatively high storage sta- 
bility of the coating solution prepared therewith, xylene 
is not without safety problems to human health so that 
it is eagerly desired to replace xylene with another or- 
ganic solvent of low toxicity but still capable of giving a 
polysilazane-based coating solution exhibiting good 
storage stability and coating workability of the coating 
solution. 

The present invention accordingly has an object to 
provide a novel polysilazane-based coating solution for 
the formation of an interlayer insulating film with few 
safety problems to the human body but having excellent 
storage stability and coating workability and capable of 
reproducibly forming an Insulating film with denseness 
^ and having excellent surface configuration and high 
eleciiic insulation with a volume resistivity of lO^^ to 
10^" ohm#cm required for interlayer insulation and 
good step coverage without cracks even on a substrate 
surlnce having a stepped level difference. The invention 
alio h;j3 an object to provide a method for the formation 
o* HP interlayer insulating film by using the above men- 
tioned polysilazane-based coating solution. 

Thus, the coating solution provided by the invention 
IS H solution of a polysilazane in an inert organic solvent, 
ol which the polysilazane ingredient is modified with a 
suitable silylating agent in such a way that, ina ''H-NMR 
specirometric diagram thereof, the ratio of the area of 
the peak for SiHg to the total area of the peaks for SiH, 
and SiHg is in the range from 0.15 to 0.45. 

In particular, modification of the polysilazane ingre- 
dient is effected in such a way that, in a ^H-NMR spec- 
trum thereof, the ratio of the area of the peak for SICH^ 
to the total area of the peaks for SiH, and SiHg is in the 
range from 0.30 to 0.55. 

Preferably, the above mentioned modification of the 
polysilazane ingredient is effected by using hexamethyl 
disilazane as the modification agent and the inert organ- 
ic solvent is a dialkyi ether of which the alkyi groups each 
have at least 4 carbon atoms. 

The method of the invention for the formation of an 
inioriayer insulating film on the surface of a substrate by 
using the above defined coating solution comprises the 
steps of 

(a) coating the substrate surface with the coating 
solution to form a coating layer; 

(b) dryifig the coating layer; and 

(c) baking the dried coating layer at a temperature 
in the range from 300 to 800**C in a moisturized at- 
mosphere. 



The polysilazane compound^, which is the base ma- 
terial of the modified polysilazane resin used as the prln- 
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cipal ingredient in the inventive coating solutbn. per se 
is a known compound and the polysilazane resins dis- 
closed in the patent documents mentioned above can 
be used in the invention as the base material for the 
modification reaction without particular limitations al- 
though it is preferable that the polysilazane compound 
has a molecular weight distribution as narrow as possi- 
ble for the reasons described below. 

It is desirable for an interlayer insulating coaling so- 
lution used in the manufacturing process of semicon- 
ductor devices with extremely fine patterning that the in- 
terlayer insulating films formed on a great number of 
substrates always have a very uniform and reproducible 
thickness of several tens of nanometers. Extreme diffi- 
culties are encountered, however, in controlling the 
thickness o1 the coating films to ensure high uniformity 
which is influenced by any very small differences in the 
coating conditions. For example, propenies of the coat- 
ing solution per se are subject to non-negligible changes 
by storage over months so thai a coaling solution im- 
mediately after preparation and a coaling solution after 
several months of storage give coating films having a 
substantial difference in thickness even when the coal- 
ing conditions are identical. According lo the results of 
investigations to obtain a polysila?anc-bascd coaling 
solution having excellent storage stability, this problem 
can be mitigated by using a polysila/ano resin having a 
narrow molecular weight distribuiion 

Since a polysilazane compounri has ficiivG hydro- 
gen atoms directly bonded to Ihc nitfogcn atoms and 
silicon atoms, it is generally undorsiood that the 
crosslinking reaction of these aciivc hydrogen aloms is 
responsible for the viscosity increase nnd ovoniual ge- 
lation of the solution containing the polysriazane com- 
pound during storage. This problem or disadvantage is 
more serious when the polysilazane compound has a 
larger molecular weight so that the polysilazane com- 
pound used as the principal ingredient ol (he coaung so- 
lution should have an average molecular weight which 
is not too high In order to ensure uniformity ol ine coating 
film formed from the coating solution by a single coating 
operation and to facilitate concentration control of the 
solution. When the polysilazane-based coaling solution 
contains a large amount of polysilazane fractions of low 
molecular weight molecules, on the other hand, various 
problems are caused so that the coaling film has low 
crosslinkability sometimes suffering the problem that 
the coaling surface has the appearance of orange peel, 
in addition to the problem that the amount of sublimation 
in the course of drying and baking is increased from the 
coating layer vyrfnich causes undue shrinkage resulting 
in a decrease in the film thickness and eventual crack 
formation. The above described situations lead to a con- 
clusion that the polysilazane compound used as the 
principal resinous ingredient of the coating solution 
should have a well-controlled molecular weight distribu- 
tion. 

In this regarcJ. it has been discovered that the 



polysilazane compound as the resinous ingredient of 
the inventive coating solution should preferably have a 
weighl average molecular weight in the range from 1 500 
to 5000 or, preferably, from 1700 to 3000 as determined 
by the gel permeation chromatographic method making 
reference to polystyrene resins having known molecular 
weights with a dispersion of the molecular weighl distri- 
bution expressed by the ratio of the weight average mo- 
lecular weight Mw to the 'number average molecular 
weight f^n, i.e. Mw:Mn, not exceeding 4. 

A quite unexpected discovery leading to the present 
invention is that a specific ^H-NMR spectromelric pa- 
rameter of the polysilazane compound is a very impor- 
tant factor for the control of the properties and behavior 
of the polysilazane-based coating solution relative tothe 
storage stability and coating workability of the coaling 
solution so as reproduclbly to give interlayer coating 
films with denseness and good surface configuration. 
The indicative parameter in the above mentioned dis- 
covery is, in a 'H-NMR spectromelric diagram of the 
polysilazane compound, the ratio of the area of the peak 
for SiHs to the total area of the peaks for SiH^ and SiHg 
which should be In the range from 0.15 to 0,45. 

The above mentioned desirable NMRspectrometric 
parameter can be accomplished by conducting prepa- 
ration of the modified polysilazane compound from an 
appropriately selected amount of the starting material 
under appropriate reaction conditions but it is a conven- 
ient and advantageous method that a polysilazane com- 
pound prepared by a conventional method is reacted 
with hexamethyl disiiazane so as to substitute trimeth- 
ylsllyl groups for a part of the active hydrogen atoms in 
the polysilazane compound. 

The modification reaction of a polysilazane with 
hexamethyl disiiazane is conducted until the above 
mentioned NMR spectromelric parameter of 0.15 to 
0.45 is obtained. When the parameter is smaller than 
0.15. the polysilazane-based coating solution has poor 
coating workability so as not to give a dense coating film 
having good surface configuration, sometimes with oc- 
currence of pinholes and appearance of orange peel on 
the surface. When the parameter Is too large, on the oth- 
er hand, the coating solution has decreased storage sta- 
bility so as to cause difficulties in reproduclbly obtaining 
excellent coating films. It is more preferable that the val- 
ue of the NMR spectromelric parameter mentioned 
above is in the range from 0.22 to 0.32. 

The modification reaction of a polysilazane com- 
pound with hexamethyl disiiazane is conducted prefer- 
ably to such an extent that another ^ H-NMR spectromel- 
ric parameter, which is, in a ^ H-NMR spectrum, the ratio 
of the area of the peak for SiCHa to the total area of the 
peaks for SiH^ and SiHg, is in the range from 0.30 to 
0.55 or preferably, from 0.30 to 0.50. The storage sta- 
bility of the polysilazane-based coating solution cannot 
be further improved even by conducting the modification 
reaction to have the value of this second NMR param- 
eter exceeding 0.55 only with an economical disadvan- 
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tage while, when the value of the second NMR param- 
eter Is too small, full improvement in the storage stability 
of the coating solution cannot be accomplished. 

Although, in the above description, the modification 
reaction of polysitazane is assumed to be conducted 
with hexamethyl disilazane as a silylating agent, it is of 
course optional that the reaction is conducted with any 
other trimethylsilylating agent known in the art. 

In the ^H-NMR spectrometric diagram of a polysila- 
zane compound, as is known, the peaks having a 5 val- 
ue of 4.5 to 5.3 ppm are assignable to SiH^ and SiHg, 
the peak having a 6 value of 0.0 to 0. 2 ppm is assignable 
to SiCH3 and the peak having a 6 value of 4.3 to 4.5 ppm 
is assignable to SrH3 so that the above mentioned ratios 
of the peak areas can be obtained from the ratios of pro- 
ton in the respective integration curves. 

The polysilazane compound used as the principal 
Ingredient in the inventive coating solution can be pre- 
pared by any known methods including a method by 
conducting a polymerization reaction with introduction 
of ammonia and a method in which the polymerization 
reaction is conducted at an elevated temperature under 
superatmospheric pressure, of which the latter method 
is preferred in respect of higher storage stability of the 
polysilazane compound obtained thereby. 

The polysilazane-based coating solution of the in- 
vention is a uniform solution of the modified polysilazane 
compound in an organic solvent which Is selected from 
those solvents having low moisture absorption and boil- 
ing point in the range from 50 to 200® C as well as low 
toxicity to the human body in consideration of the re- 
quirements relative to the storage stability of the coating 
solutbn and the balance between the risk of fire acci- 
dent and drying velocity of the solution. Examples of 
suitable organic solvents include dialkyi ether solvents 
of which each of the two alkyi groups in a molecule has 
at least 4 carbon atoms as well as cyclohexene, dime- 
thyl cyclohexane, ethyl cyclohexane. p-menthane, dec- 
ahydronaphthalene, 2.2,5-trimethyl hexane, dipentene, 
decane, isononane and octane, of which dialkyi ethers 
are preferable and dibutyi ether is more preferable. 
These organic solvents can be used either singly or as 
a mixture of two kinds or more according to need. 

It is optional or desirable that the polysilazane- 
based coating solution of the Invention is admixed with 
an additive having activity to suppress sublimation of the 
polysilazane compound in order to reduce sublimation 
of low molecular weight fractions of the polysilazane 
compound from the coating layer in the course of the 
drying and baking thereof. Specifically, the sublimation- 
reducing agent here used has reactivity with low molec- 
ular weight fractions of the polysilazane was to increase 
the molecular weight thereof so that sublimation of the 
low molecular weight molecules can be suppressed. Ex- 
amples of preferred sublimation-reducing agents in- 
clude trialkyi amine compounds. It is a requirement for 
a sublimation-reducing agent that, even if the compound 
remains unreacted in the coating layer, the remaining 
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compound can be completely removed by evaporation 
in the drying process together with the solvent of the 
coating solution so that the sublimation-reducing agent 
used in the inventive coating solution should have a boil- 
ing point in the range from 200 to SOO^C. Trialkyi amine 
compounds satisfying this boiling point requirement in- 
clude tributylamine, tripentylamine, trihexylamine. tri- 
heptylamine, trioctylamine. monobutyl dipentyl amine 
and monohexyl dipentyl amine, of which tripentylamine 
is preferable in respect of good reactivity thereof with 
the low molecular weight molecules of the polysilazane 
compound and high storage stability of the coating so- 
lution formulated therewith. Among the several isomers 
of tripentylamine, tri-n-pentylamine is particularly pre- 
ferred. These trialkylamine compounds can be used as 
the sublimation-reducing agent either singly or as a 
combination of two kinds or more according to need. 

: The amount of the sublimation-reducing agent add- 
ed to the coating solution, when added, is in the range 
from 1 to 107o by weight or, preferably, from 3 to 5% by 
weight based on the content of non-volatile nnatter in the 
solution. When the amount is too small, the desired sub- 
limation-reducing effect cannot be obtained while, if too 
large, a decrease is caused in the storage stability of the 
solution along with a problem in the peelability of the 
coating film as a consequence of the Increase in the mo- 
lecular weight. 

The sublimation-reducing agent generally plays a 
role in the reverse direction to that of hexamethyl disila- 
zane. Specifically, the molecular weight of the polysila- 
zane compound is increased by the addition of a subli- 
matbn-reducing agent Accordingly, the amount of the 
sublimation-reducing agent added to the coating solu- 
tion should be selected taking into consideration the 
amount of hexamethyl disilazane added to the solution. 
As a rough measure, the amount of the sublimation-re- 
ducing agent is in the range from 0.7 to 1.5% by weight 
based on the amount of hexamethyl disilazane pertain- 
ing to the reaction. 

Though not particularly limitative, the content of 
non-volatile matter in the inventive polysilazane-based 
coating solution should be in the range from 10 to 40% 
by weight or. preferably, from 15 to 25% by weight. 
When the solid content is too high, the coating solution 
suffers a decrease in storage stability so as to cause 
difficulty in controlling the thickness of the coating films 
while. If the solid content is too low, the film thickness 
obtained by a single coating operation is so small that 
several repetitions of the coating operation are required 
in order to obtain a desired th ickness of the coating films. 

Next, a description is given of the method for the 
formation of an interlayer insulating coating film using 
the above described polysilazane-based coating solu- 
tion. 

In the first place, a substrate is coated with the 
polysilazane-based coating solution at room tempera- 
ture or at a temperature of 20 to 25 by a suitable 
known coating method such as the spin-coating meth- 
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od. spray coating method or dipping method lollowed by 
heating at a temperature of 1 00 to 300 'C to remove the 
solvent by evaporation giving a dried coating film. It is 
preferable in order to efficiently suppress sublimation of 
the low molecular weight fractions of the polysilazane 
with the sublimation-reducing agent that the above men- 
tioned drying treatment of the coating layer is preceded 
by a holding period of at least 1 minute at a temperature 
of 25 to 100 or, preferably, for at least 3 minutes at 
40 to 70*^0 . The low molecular weight molecules of the 
polysilazane compound are reacted during this holding 
period with the sublimation-reducing agent. When the 
temperature at this holding period is too high, no com- 
plete suppression of sublimation can be accomplished 
so that fuming from the coating layer may eventually be 
caused in the course of the drying treatment at 100 to 
300**C due tosubllmation of the polysilazane molecules. 
The reason tor this problem is, though not well under- 
stood, presumably that the reaction between the 
polysilazane compound and the sublimation-reducing 
agent is promoted locally at an elevated temperature re- 
sulting In unevenness of the reacted sites so as to leave 
a substantial amount of low molecular weight molecules 
of the polysilazane compound. 

The above described presumption leads to a con- 
clusion that the temperature during the holding period 
should preferably be relatively low so as to evenly and 
moderately promote the reaction between the polysila- 
zane compound and the sublimation-reducing agent. It 
is of course optional to conduct the holding treatment 
under stepwise increase of the temperature, for exam- 
ple, firstly at 50 °C for 1 minute, then at 60*C for 1 minute 
and finally at QO'^C for 1 minute. 

The length of time of the holding treatment should 
be at least 1 minute. When the time is too short, the re- 
action of the sublimation-reducing agent with the 
polysilazane is incomplete so that the problem due to 
sublimation of the polysilazane is sometimes caused in 
the subsequent drying procedures so as to deposit sili- 
con dioxide dust on the inner walls of the drying room 
which eventually falls onto the coating film resulting In 
quality degradation of the coating films along with undue 
shrinkage of the coating film by the sublimation of the 
polysilazane so as to decrease the film thickness. 

The humidity condition of the atmosphere in which 
the holding treatment is undertaken may have certain 
influences on the effectiveness of the holding treatment 
so that the relative humidity of the holding atmosphere 
should preferably be 45 to 55%. though not particularly 
limitative. When the relative humidity of the atmosphere 
is too high, the coating layer absorbs moisture from the 
atmosphere although the efficiency of the sublimation- 
reducing agent can be somewhat enhanced under a 
higher relative humidity than 55%. 

While the coating operation of substrates with the 
coating solution and the holding treatment of the coated 
substrates can be undertaken In one and the same 
room, as a principle It Is efficient to conduct the holding 



treatment by the transfer of the coated substrates to a 
separate holding room on a hot plate kept at the speci- 
fied holding temperature in order to avoid the inefficien- 
cy due to Interruption of the coating operation du ring the 

£ holding treatment or to quickly adapt the changes in the 
temperature setting. 

The coating film of the polysilazane-based coating 
solution on the substrate surface after completion of dry- 
ing is then subjected to a baking treatment at a temper- 

10 atureintherangefrom300to800'^Cfor15to60 minutes 
in an atmosphere moisturized or humidified by continu- 
ously or intermittently introducing a gas having a relative 
humidity of 45% or higher at 100 or a moisturized 
carrier gas containing from 0.001 to 0.1 g of water vapor 

15 per liter into the baking room so as to convert the 
polysilazane of the coating film into silicon dioxide by 
oxidation. The oxidation of polysilazane into silicon di- 
oxide need not be complete but can be partial by appro- 
priately selecting the baking conditions such as the 

20 length of baking lime, baking temperature and humkJity 
of the baking atmosphere. 

The interlayer insulating coating film having a thick- 
nesS"'of 0.1 to 1.2^m obtained in the above described 
manner is formed substantially from silicon dioxide and 

2S has excellent film properties without cracks and pin- 
holes even on a substrate surface having roughness or 
stepped level differences with good reproducibility Ac- 
cordingly, the polysilazane-based coating solution of the 
present invention is useful for the formation of an Inter- 

30 layer insulating film in the manufacture of electronic de- 
vices and parts such as semiconductor devices and liq- 
uid crystal display panels along with the advantage In 
respect of reduced problems of safety to the human 
body by virtue of the use of specific organic solvents 

35 having low toxicity. 

In the following, the present invention is illustrated 
in more detail by way of Examples, which, however, in 
no way limit the scope of the inventksn as hereafter 
claimed. 

40 

Example 1. 

A polysilazane-based coating solution, referred to 
as coating solution A hereinafter, was prepared in the 

45 following manner. Thus, the modification reaction of a 
polysilazane compound prepared from dichlorosilane 
and ammonia as the starting materials according to a 
conventional procedure was conducted with hexame- 
thyl disllazane to such an extent that the '•H-NMR spec- 
■ so trometric parameters relative to the peak area ratio of 
(SiH^+SiH2):SiCH3:SiH3 of 1:0,45:0.40 was obtained. 
The coating solution was a 20% by weight dibutyl ether 
solution of the polysilazane compound having a weight 
average molecular weight of 2200 and a number aver- 

55 age molecular weight of 950 and the amount of the so- 
lution as prepared was 100 g. 

The above prepared coating solution A was applied 
on a spinner rotating at 2000 rpm for 20 seconds at a 
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temperature of 23 '^C in an atmosphere of 45% relative 
humidity onto the surface of a semiconductor silicon wa- 
fer provided with a line-and-space circuit pattern of alu- 
minum with line and space widths of 1.2|im and 0.7 to 
10.0 \irr\, respectively, forming a stepped level differ- 
ence of 1 Mm height. The coating workability of the coat- 
ing solution A was excellent without any problems. 
Thereafter, the marginal portion of the thus formed coat- 
ing layer was removed under rotation at 1 500 rpm by 
washing with dibutyl ether ejected for 5 seconds at a 
rate of 50 ml/minute out of a wafer-edge cleaning nozzle 
mounted on the coating machine to find good remova- 
bility of the coating layer. 

Next, the coating layer thus formed on the substrate 
surface was subjected to a drying treatment at 250*^0 
for 3 minutes and then to a baking treatment in a baking 
room at a temperature of 450**C lor 30 minutes in a mois- 
turized atmosphere by Introducing oxygen gas contain- 
ing 0.01 g/liter of water vapor to give a highly insulating 
film of silicon dioxide which was found lo be very uniform 
and smooth having no detectable cracks on the surface. 
As a measure of the thickness of the thus formed insu- 
lating coating film, the same procedure as above was 
undertaken except for the replacement of the substrate 
wafer with a plain silicon wafer and a decrease of the 
coating time on the spinner from 20 seconds to 1 0 sec- 
onds to find that the thickness of the thus formed refer- 
ence coating film was 0.36 pm as determined by using 
an eliipsometer. 

Examples 2 and 3. 

Polysitazane-based coating solutions, referred to 
as coating solutions B and C hereinafter, were prepared 
each in substantially the same manner as in the prepa- 
ration of the coating solution A except that the amount 
of hexamethyl disilazane addition was changed such 
that the"'H-Nf^R spectrometric parameters relative lo 
the peak areas (SiHi+SIH2):SiCH3:SiH3 were adjusted 
to 1:0.30:0.40 and 1:0.50:0.40. respectively. 

The evaluation tests of these coating solutions B 
and C were undertaken in the same manner as in Ex- 
ample 1 to find that the results were quite satisfactory 
as in Example 1 in all respects. 
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Examples 4 and 5. 

Polysilazane-based coating solutions, referred to 
as coating solutions D and E hereinafter, were prepared 
each in substantially the same manner as in the prepa- 
ration of coating solution A except that the amount of 
hexamethyl disilazane addition was changed such that 
the^H-Nf^R spectrometric parameters relative to the 
peakareas (SiHT+SiH2):SiCH3:SiH2 were adjusted to 1: 
0.45:0.30 and 1:0.45:0.45, respectively. 

The evaluation tests of these coating solutions D 
and E were undertaken in the same manner as in Ex- 
ample 1 to find that the results were quite satisfactory 
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as in Example 1 in all respects, although the coating 
workability of coating solution D was somewhat poor so 
as to cause occurrence of slight striation on the surface 
of the coating layer. 

Examples 6, 7 and 8. 

Polysilazane-based coating solutions, referred to 
as coating solutions F. G and H hereinafter, were pre- 
pared each in substantially the same manner as in the 
preparation ofxoating solution A except for the replace- 
ment of dibutyl ether as the solvent with octane, isono- 
nane and decane. respectively. 

The evaluation tests of coating solutfons F, G and 
H were undertaken in the same manner as in Example 
1 to find that the results were quite satisfactory as in 
Example 1 In ail respects, although the coating worka- 
bility of each of the coating solutions was somewhat 
poor so as to cause occurrence of slight striation on the 
surface of the coating layer 

Example 9. 



A polysilazane-based coating solution, referred to 
as coating solution I hereinafter, was prepared in sub- 
stantially the same manner as in the preparation of the 
coating solution A except that the amount of hexamethyl 
disilazane addition was changed such that the iH-NI^R 
spectrometric parameters relative to the peak areas 
(SiHi+SiH2):SiCH3:SiH3 were adjusted to 1:0.45:0.27 
and that 1 ,0 g of tri-n-pentylarnine was added to the so- 
lution. 

The above prepared coating solution 1 was applied 
on a spinner rotating at 2000 rpm for 10 seconds at a 
temperature of 23*^0 in an atmosphere of 45% relative 
humidity onto the surface of a semiconductor silicon wa- 
fer provided with a line-and-space circuit pattern of alu- 
minum with line and space widths of 1.2 fim and 0.7 to 
10.0 pm, respectively, fonning a stepped level differ- 
ence of 1 ^im. The coating workability of coating solution 
I was excellent without any problems. Thereafter, the 
marginal portion of the thus fomied coating layer was 
removed under rotation at 1500 rpm by washing with 
dibutyl ether ejected for 5 seconds at a rate of 50 mt/ 
minute out of a wafer-edge cleaning nozzle mounted on 
the coating machine to find good removability of the 
coating layer. 

Next, the coating layer thus formed on the substrate 
surface was subjected, after a holding time of 3 minutes 
at 50°C. to a drying treatment at 250^*0 for 3 minutes 
without the phenomenon of fuming due to sublimation 
of the polysilazane and then to a baking treatment in a 
baking room at a temperature of 450'*C for 30 minutes 
in a moisturized atmosphere by introducing oxygen gas 
containing 0.01 g/liter of water vapor to give a highly in- 
sulating film of silicon dioxide which was found to be very 
uniform and smooth having no detectable cracks on the 
surface. As a measure of the thickness of the thus 
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formed insulating coating film, the same procedure as 
above was undertaken except for the replacement of the 
substrate wafer with a plain silicon wafer to find that the 
thickness of the thus formed reference coating film was 
0.36 |im as determined by using an ellipsometer. 

Examples 10 and 11. 

Polysilazane-based coating solutions, referred to 
as coating solutions J and K hereinafter, were prepared 
each in substantially the same manner as in the prepa- 
ration of the coating solution I except for the replace- 
ment of tri-n-pentyt amine with the same amount of tri- 
n-butyl amine and tri-n-hexyl amine, respectively. 

The evaluation tests of these coating solutions J 
and K were undertaken in the same nranner as in Ex- 
ample 9 to find that the results were quite satisfactory 
as in Example 9 In all respects. 

Example 12. 

A polysitazane-based coating solution, referred to 
as coating solution L hereinafter, was prepared in sub- 
stantially the same manner as in the preparation of the 
coating solution I except for an increase of the amount 
of tri-n-pentyl amine to 2.5 g. 

The evaluation tests of coating solution L were un- 
dertaken in the same manner as in Example 9 to find 
that the results were quite satisfactory as in Example 9 
in all respects except that the coating film formed the 
coating solution L was somewhat poor in removability 
in the marginal areas. 

Pxamolesia 14. 15andl6. 

The same polysilazane-based coating solution I as 
prepared in Example 9 was subjected to the evaluation 
tests underthe same conditions as in Example 9 except 
that the temperature of the holding treatment was 
changed to 20^C: 30°C. 70°C and 90»C. respectively. 

The results of the evaluation tests were quite satis- 
factory in all respects as in Example 9 although slight 
fuming was noted in Example 1 6 in the drying treatment 
of the coaling layer. 

Example 17. 

The same experimental procedure as in Example 9 
was repeated except that the temperature of the holding 
treatment was increased to 120*^0 The results of the 
evaluation tests were generally satisfactory as in Exam- 
ple 9 although a small amount of fuming was found in 
the drying treatment so as to cause deposition of a trace 
amount of silicon dioxide on the inner walls of the drying 
room. 



Examples IS. 19 and 20. 

The same experimental procedure as in Example 9 
was repeated except for a change of the length of time 
for the holding treatment to 2 minutes, 7 minutes and 10 
minutes, respectively. The results of the evaluation tests 
in each of the Examples were quite satisfactory as in 
Example 9 although slight fuming was noted in Example 
18. 

Example 21 . 

The same experimental procedure as in Example 9 
was repeated except that the length of time for the hold- 
ing treatment was decreased to 1 minute. The results of 
the evaluation tests were generally satisfactory as in Ex- 
ample 9 although a small amount of fuming was found 
in the drying treatment so. as to cause deposition of a 
trace amount of silicon dioxide on the Inner walls of the 
drying room. 

Example 22. 

The experimental procedure was substantially the 
same as in Example 9 except for the replacementofcthe 
oxygen gas of 90% relative humidity introduced into the 
baking room with oxygen gas containing 0.02 g/liter-of 
water vapor. The results of the evaluation tests of the 
coating film were quite satisfactory in surface configu- 
ration and electric insulation. ' 

Comparative Example 1. 

A comparative coating solution, referred to as coat- 
ing solution / hereinafter, was prepared in substantially 
the same manner as in the preparation of coating solu- 
tion A in Example 1 except that the modification reaction 
of the polysilazane by the addition of hexamethyl disila- 
zane was conducted to such an extent that the ^H-NMR 
spectrometric parameters relative to the ratios of the 
peak areas (SiHi+SiH2):SiCH3:SiH3 were adjusted to 1 : 
0:0.10. 

The results of the evaluation tests of coating solu- 
tion X undertaken in the same manner as in Example 1 
were that the surface of the coating layer was defective 
due to occurrence of siriation and orange peel appear- 
ance. Inspection of the coating layer after the drying 
treatment by the FT-IR method indicated that conver- 
sion of the polysilazane to silicon dioxide had already 
proceeded to a substantial extent so that the storage 
stability of the coating solution was not high enough. 

Comparative Example 2. 

Another comparative coating solution, referred to 
as coating solution Y hereinafter, was prepared In sub- 
stantially the same manner as in the preparation of coat- 
ing solution A in Example 1 except that the modification 
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reaction of the polysilazane by the addition of hexame- 
thyl disilazane was conducted lo such an extent that 
the 1 H-NMR spectrometric parameters relative to the ra- 
tios of the peak areas (SiHi+SiHgj.SiCHgiSiCHa were 
adjusted to 1 :0.45:0.1 0. s 

The results of the evaluation tests of coating solu- 
tion Y undertaken in the same manner as in Example 1 
were that the surface of the coating layer was defective 
due to occurrence of striation and orange peel appear- 2 
ance. io 

Reference Example. 

Each of the coating solutions A to L, X and Y pre- 
pared in Examples 1 to 12 and Comparative Examples is 
1 and 2 was hermetically sealed in a glass bottle in at- 3. 
mospheric air and stored for 6 months at 40°C. The re- 
sults of this storage tests were that a slight increase of 
viscosity was found for coating solutions B and L with 
an increase of the weight average molecular weight by 20 4. 
about 100 to 200 while coating solution X indicated a 
remarkable increase of viscosity with an increase of the 
weight average molecular weight of 1 500. 



(b) a polysilazane modified by reaction with a 
trimethylsilylating agent to such an extent that, 
in a'lH-NMR spectrometric diagram of the 
modified polysilazane. the ratio of the area of 
the peak assignable to SIH^ to the total area of 
the peaks assignable to SiHi . and SiH^ is in the 
. range from 0. 1 5 to 0.46. 

The polysilazane-based coating solution as 
claimed in claim 1 in which, in the ^H-NMR spectro- 
metric diagram of the modified polysilazane, the ra- 
tio of the area of the peak assignable to SiCHa to 
the total area of the peaks assignable to SiHi and 
SiH2 is in the range from 0.30 to 0.55. 

The polysilazane-based coating solution as 
claimed in claim 1 in which the trimethylsilylating 
agent is hexamethyl disilazane. 

The polysilazane-based coating solution as 
claimed in claim 1 in which the inert organic solvent 
is a dialkyi ether of which each of the alkyi groups 
has at least 4 carbon atoms. 



Example 23. 

The insulating coating film on the substrate surface 
formed in each of Examples 1 to 22 was overlaid with 
an overcoating layer of silicon dioxide formed by the 
plasma CVD method using tetraethoxysilane as the 
base material in a thickness of 500 nm. 

The thus formed overcoating layers were found to 
have good quality with a very smooth and flat surface 
except for the substrates having an interlayer insulating 
film prepared in Examples 1 to 8 for which slight surface 
roughening was detected. 

Comparative Example 3. 

An overcoating layer was formed in the same man- 
ner as in Example 23 described above on the surface 
of the interlayer insulating coating film on the substrate 
prepared in each of Comparative Examples 1 and 2. 

The. surf ace condition of the overcoating layers was 
poor with significant roughness due to the occurrence 
of a large number of projections and pits, presumably 
due to the particles found on the surface of the interlayer 
insulating films. 



Claims 

1. A polysilazane-based coating solution for the for- 
mation of an interlayer Insulating coating film which 
comprises, as a uniform solution: 

(a) an inert organic solvent having a boiling 
point in the range from 50 to 200*C : and 



2S 6. The polysilazane-based coating solution as 
claimed in claim 1 which further comprises: 
(c) a trialkyi amine compound having a boiling point 
in the range from 200 to 300*C . 

30 6. The polysilazane-based coating solution as 
claimed in claim 5 in which the trialkyi amine com- 
pound is tri-n-pentyl amine. 

7. The polysilazane-based coating solution as 
55 claimed in claim 5 in which the amount of the trialkyi 
amine compound is in the range from 1 to 10% by 
weight based on the amount of non-volatile matter 
contained in the solution. 

40 8. The polysilazane-based coating solution as 
claimed in claim 1 in which, in the ^H-NMR spectro- 
metric diagram of the modified polysilazane, the ra- 
tio of the area of the peak assignable to S\H^ to the 
total area of the peaks assignable to SiH^ and SiHg 

^5 is in the range from 0.22 to 0.32. 

9. The polysilazane-based coating solution as 
claimed in claim 1 in which the modified polysila- 
zane as the component (b) has a weight-average 

50 nrK)lecular weight in the range from 1500 to 5000. 

10. The polysilazane-based coating solution as 
claimed in claim 9 in which the modified polysila- 
zane as the component (b) has a weight-average 

*s molecular weight in the range from 1700 to 3000. 

11. The polysilazane-based coating solution as 
claimed in claim 9 in which the modified polysila- 
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zane as the component (b) has a dispersion ot the 
molecular weight distribution such that the ratio of 
the weight-average molecular weight to the 
number-average molecular weight does not exceed 

12. The polysllazane-based coating solution as 
claimed in claim 1 in which the content of non-vol- 
atile matter In the coaling solution is in the range 
from 10 to 40% by weight. 

13. A method for the formation of a silicon dioxide- 
based interlayer insulating coating film on the sur- 
face of a substrate which comprises the steps of: 

(A) coating the surface of the substrate with a 
polysllazane-based coating solution compris- 
ing, as a uniform solution: 

(a) an Inert organic solvent having a boiling 
point in the range from 50 to 200*C ; and 

(b) a polysilazane modified by reaction with 
a trimethylsilyiating agent to such an extent 
that. In a^H-NMR spectrometric diagram 
of the modified polysilazane, the ratio of the 
area of the peak assignable to S\H^ to the 
total area of the peaks assignable to SiH, 
and SiHg is in the range from 0. 1 5 to 0.45, 

to form a modified polysilazane-based coating 

layer; 

(B) subjecting the coating layer to a drying 
treatment: and 

(C) subjecting the dried coating layer to a bak- 
ing treatment at a temperature in the range from 
300 to BOO'^C for at least 1 5 minutes in a mois- 
turized atmosphere to convert the modified 
polysilazane into silicon dioxide. 

14. The method for the formatbn of a silicon dioxide- 
based interlayer insulating coating film on the sur- 
face of a substrate as claimed in claim 13 in which 
the moisturized atmosphere is formed by introduc- 
ing a gas containing from 0.001 to 0.1 g of water 
vapor per liter. 
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Ing, as a uniform solution: 

(a) an inert organic solvent having a boiling 
point in the range from 50 to 200 ®C ; 

(b) a polysilazane modified by reaction with 
a trimethylsilyiating agent to such an extent 
that, in a"'H-NMR spectrometric diagram 
of the modified polysilazane. the ratio of the 
area of the peak assignable to SiHg to the 
total area of the peaks assignable to SIHt 
and SiHg is in the range from 0.1 5 to 0.45, 
and 

(c) a trialkyi amine compound. 

to form a modified potysllazane-based coating 
layer; 

(Ai) keeping the polysilazane-based coating 
layer at a temperature in the range from 25 to 
100 "C for at least 1 minute; 

(B) subjecting the coating layer to a drying 
treatment at a temperature in the range from 
100 to 300 °C; and 

(C) subjecting the dried coating layer to a bak- 
ing treatment for at least 15 minutes at a tem- 
perature in the range from 300 to 800°C in a 
moisturized atmosphere to convert the modi- 
fied polysilazane into silicon dioxide. 

The method for the fomriation of a silicon dioxide- 
based interlayer insulating coating film on the sur- 
face of a substrate as claimed in claim 16 in which 
the moisturized atmosphere Is formed by introduc- 
ing a gas having a relative humidity of at least 45% 
at room temperature. 

The method for the fomiation of a silicon dioxide- 
based Interlayer Insulating coating film on the sur- 
face of a substrate as claimed in claim 16 in which 
the moisturized atmosphere is formed by Introduc- 
ing a gas containing from 0.001 to 0.1 g of water 
vapor per liter. 



15. The method for the formation of a silicon dioxide- 
based interlayer Insulating coating film on the sur- 
face of a substrate as claimed In claim 13 in which 

the temperature of the drying treatment is in the so 
range from 1 00 to SOO'^C . 

16. A method for the formation of a silicon dioxide- 
based interlayer insulating coating film on the sur- 
face of a substrate which comprises the steps of: 55 

(A) coating the surface of the substrate with a 
polysllazane-based coating solution compris- 
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